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PQSRTVU"T"WYX0Z[T]\^T]_a`Ob-T.c>\^de\fc RT]U"T]\gih^jlk T.c gnm:o>pYqiPrq
Z
_asts jHh crc^T]u Qtvewyx `eT vzI{H|l}a~ X[T. h^w T hr|I{I{a{ XWs$_lITV\
:].tII PQ T-u jav cfT.bOc jI c Qew \ jHh^w \7c Q T-U`ec w u._a\fc7c h _ v \4U w \4\ wjavjl _lc4_`t\ wyv U`tc w seTU`ec w u]_I\^c h^j `tst\]jHv TsT h y_dIT hjlrwvOjHh U_Ic wjavSv T h T]_I\ jav c j `$\fTU`ec w seT h^j `tst\ w \c j _ t$h TV\^\c Q Ts j cfT v c w _l Q T.cfT hfj IT v T w cd jlh T]u.T w IT h \_ vt _ jIwy c Q _lc Qew  QO T v$ h T]u.T w IT h \\4`O¡¢T h£h^j U¤_ h T  `$u!T  h T]u!TVsec wjav h _lcfT¥T]u]_I`t\^T jl c Q Ts h TV\fT v u!T jl
 j   T vt¦h T]u!T w aT h \ § `tcc Q T h T w \_ h^w \  c Q _Ic"\ j U"T jI c Q T¨ h^j `ts$\_ h T vej c`t\^T Kª© T vtewyv   _Ic^_c j _ h^j `tsª w c Qvejh T]u!T w aT h>Q _I\_u j \^c
c Q _lc w \ jl c^T v ` vt T h T]\^c w U_lc^T S«>wyvOjHh U_lc wjHvw \  T]sec wvhfj `ecfT h \]¢sT h^wjOtw uc h T.T"U"_ v _laT]U"T v c
c h _l¬­u w \ h T x ` wyh T   w c Q ¥ j c Q¦ T v \fT-_ vt \^st_ h \^T­U jO T-s hfj c j u j \]8st_au  T]c^\7_ h T­\fT v c jav c Q T m®o>p T]IT v+w c Q T]d+_ h Tth^j s$s$T  ¥Hdc Q T¯ h \^c Qej s hfj `ecfT h ±°^²Y³ g ¢W Q _a\
 w U w c^_Ic wjav \]KT.c4u o \° g U`ec w u]_I\^c7¥$TVu j U"TV\Y wy T]d  TVse j dIT  _ vt
`t\^T  8c Q T]\^T w \4\^`eTV\7U_diT]´u j Us h^j U w \^T w c4\7\^u]_ly_I¥ w  w cd  ° v c Qew \7st_as$T h iT wyv c hfje `$u!T­_ v T.=s hfj c j u j E Yµm·¶¸vµ T]U_ v$m _dIT hro
tew c wjav¢¹ $ Qtw u Q¦º.»¢¼I½.¾º!¿¼­¿.ÀlÁeÂ^ÃºÄÀ­ÁO¿.º"À»$¾ÆÅ-ÄÈÇ$º¾¼ÅIº.Â¿-ÉËÊ£ÌÈºVÌ>ÍIÂ^ÀÁÎ¿¸Ï-ÄÈÇ$¼Ä¼Â^º¼IÃ.ÄËÁ$¼¾È¾ÐÅ-Â4º4Ñ.ÁeÊÈÂ^ºÒ½.Å+ÄÇtºÃ.ÁeÂ3Â^º.»$Ä¿.º!ÄÀfÓÂ^ºÃº.ÊÈÔº.Â¿3@Õ T  T]\4u h^w ¥T w c^\¥T Q _ wjah  Q T v `t\fT   w c Q \^T.aT h _l awyvt \ jl s$_Iu  T]c\4u Q T  `e wyv 
\4u Q T]U"TV\ ¶ u.`$U`ey_lc w aT jHh7vej c ¹ _ vt@ew ¡¢T h T v c\^u.T v _ hfwj \ ¶£jHv T  c jI U_ v daT h \^`$\U_ v d  c jI U_ v d ¹"Õ T-_ly\ j \ Qtj Öc Q _lc
c Qew \is h^j c j u j $u]_ v TV_  c j \ w  vew ¯u]_ v c´\^_ wyv a\) Q T v `t\^T   w c Q­h^j `ec^T h ¯$cfT hfwyv 7c^T]u Qtvewyx `eT]\]HT.IT v"wÆ _7\ wv aT>U`ec w u._I\^c
 hfj `ts w \i`t\^T wv c Q _Ic×u]_I\^T :Õ T Q _aT w U"stTVUT v cfT  c Q T Yµm s h^j c j u j Ë wv cfT] h _lc^T ­w c wyv _U`ec w u._a\fc× w ¥ h _ h d_ vt iTh T]s jah c\fT]IT h _l±T.besT h^w UT v c^\rc Q _lc>_I\4\^T]\4\ w c^\
¥$T v T!¯$c4\ 
ØÙHÚ±Û^ÜÝ Þ:I v T]c jHh^ \]$U`tc w u]_I\^c.SU`ec w _daT h c h _ v \^U w \^\ wjav \]$U`tc w seTU`ec w u._a\fc> hfj `tst\]\4u._I_a¥ w  w cdIU`ec w u._I\^ch^j `ec wv 
ßyà"áâfã¸äVå áâ
æ:çyã¸èËé.ê
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	 Ù  m Tu jHv cfT!bec^T  Tu!TCc h __ w iTV\fcu!T]` w> T]\"c h _ v \^U w \^\ wjHv \  T tjavtv [T.T]\U`ec w u j `$u Q T]\]nu Q _ x `tT¨u j `tu Q T
`ec w  w \^_ v cY` v  h^j `tsTU`ec w u._a\fc tw \^c wyv u!c  T]\^cTu._I\
st_ h T.bOTVUseT  T]\
u je _laT]\× w [T j­Qew [T h _ h u Qewyx `tT]\]  T7  _Ists hfj u Q To
m¶Ëo \^d v u QthfjHvej `$\ m _daT h T ijeewyv  ¹ >T.c4u Yv T@U j c w _lc wjav s j ` h `tc w  w \fT h st`t\ w T]` h \ hfj `tsT]\-TV\fc  T+s j `t jIwyh
s h T v$th TT v u j Usec^TY  Q [T.ce[T h^j [T v [T w ce[T  T]\ h [T]u.T]sec^T]` h \]IT.c_ wv \ w± [T. w c^T h×x `eT
T]\ h [T]u.T]sec^T]` h \  T¥ javtv T x `t_l w ce[T v T\ jIw T v c
s×[T v _I w \e[T]\u._ h T h dOc Q U"T  Tc h _ v \4U w \4\ wjHv \^T  _ w c\^` h y_-¥t_I\^T  TV\ h [TVu!T]stcfT]` h \>st`t\
T v c^\  ³_ w \ w ®d_` vh^w \ x `eT x `eT
u.T h c^_ wyv \  Tu!TV\> hfj `ts$TV\ v T"\ jaw T v c>s$_I\
`tc w  w \e[T]\ rP:h _ v \4U"T.cfc h T  T]\ ejavtv [T.TV\ R_-` v  hfj `ts$TU`ec w u._a\fc x ` w:v T]\^cY`ec w  w \t[T
st_ h _a`tu.` vh [TVu!TVsecfTV` h _` v u j`tc x ` w T]\^c\ j `eaT v c\ j `t\  TV\fc w U[T «" TV\ wyvOjah U_lc wjHv \  [T]c^_lc\ jHv cU"_ wv c^T v `eT]\st_ h TV\h^j `ec^T]` h \]  T]\>c h _¯u]\>s×[T hfwjeewx `eTV\  TaT]\^c wjav \ jHv c v [T]u.T]\4\^_ wh T]\ x `eTu.T\ jaw c>_aT]uTV\
s h^j c j u j T]\  T hfj `ec^_IITT v U je T T v \^T j ` [TVst_ h \]  TV\
st_ x `tT.c^\Y\ jHv c>c h _ v \4U w \
\^` h T m®o
p U T]U"T\  w y\
\ jav c>T v \^` w cfT  [T]c h ` w c4\>st_ h Ts h T]U w T h
h^j `ec^T]` h 
°^²Y³ g ±W¨_  TV\ w U w cfTV\.nT.c^u @o `  ` h T.c R_U"T]\4` h T x `eTCT  [T]st jaw TVUT v cT.c  `ec w  w \4_lc wjHv ° g U`tc w u]_I\^c"s h^j  h TV\^\^TI
u.T]\7 w U w c^_Ic wjav \7sT]`eaT v c  T]IT vtwh ` v s h^j ¥t RTVU"TT]cu j Us h^j U"T]cfc h T"T-st_a\^\4_laT R_C  [T]u Q T]T µ _ v \7u.T ej u.`tU"T v c vej `t\wyv c h^jO ` w \ jav \´TYs h^j c j u j T YµYm ¶¸vO¸µ T]U_ vt-m _dIT h´o
$ew c wjHv¹  x ` wÎeº.Â­º!Ä¼"Áe»±º>¿.ÀlÁeÂ^Ãº7Ò ÁeÄËÊÈ¾ÐÊy¿.º!Âº.»Îtº.Â¼l»¢º.»¢ÃºÁe»Ê£Ñ!Á$ºº.»$Ä¾º3¿ÃÀÁ$ÃÇtº!¿ªÉ º.ÄÒIÀl»¢Ã¾º3¿-ÍIÂ^ÀÁÎtº3¿¸Ï¨ÎeÀlÁeÂC¾º3¿.Ñ.Á$º!¾È¾º!¿ºaÊy¿3Ä¸º+¼ÁÀlÊÈ»t¿Áe»'Â
º]Ãº ÎÄº!ÁeÂ3'p
j `t\  [TVu h^w  jav \
\ jav u j U"s jah cfTVU"T v c×_aT]usey`t\ w T]` h \×cfTVu Qtvewyx `eT]\  jah4ejHvtv _ v u!T]U"T v c  T7st_ x `tT.c^\rT v u j `tu Q T]\ ¶ u]`tU`ey_lc w aT]\ j ` vejHv¹ T.cew ¡
[T h T v c^\\4u±[T v _ h^wj \ ¶ ` v IT h \ vj ` v IT h \U ¹p
j `t\U jav c h^jav \[T]a_ITVUT v c x `eT­u!Ts h^j c j u j T"sT]`ecu javt ` wh T R_  TV\
H_ wyv \7\ w  vtw ¯u]_lc wÆ \ jah \ x `  w :TV\fc7`ec w  w \e[T­_aT]u  T]\c^T]u Qtvewyx `eT]\  T¯c h _IIT­st_ h T]\ h^j `ec^T]` h \]8U T]U"T\ w´ _ v \7u!T­u]_I\7` v
\^T]`en h^j `tsTTV\fc7`ec w  w \e[T p
j `$\7_ jav \ w Use![T]U"T v ce[TT­s h^j c j u j T Yµm K  _ jav \ wyv ce[T] h [T R_` v T w ¥ h _ wh^w T­U`ec w u]_I\^cT.ch T vttjav \u j UsecfT  Tst`t\ w T]` h \rT!bts×[T hfw T v u!T]\ x ` w [T]c^_a¥e w \4\fT v c\^T]\ wyv ce[T hT]c^\ 
 Ý ] Û ! Ù  h [T]\^T]_a`ObSIU`ec w s jIwyv c]ac h _ v \4U w \4\ wjav \nU`ec w u j `tu Q T]\]a hfj `ts$TV\´U`tc w s jIwyv c^\×U`ec w seT]\]  _au!cfTV` hn [TVu Q T.TIh^j `ec4_laTU`ec w s jIwyv c
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v Tc h T vtjInh TV\fTV_ h u Qwyv U`ec w u]_I\^cYu j UU` vtw u]_lc wjav \ w \Yc j¨h T]d jav \^T.aT h _l8U`ec w u._I\^c> hfj `tst\ >PQew \ w \Yc Q Tu._a\fT jah
u]`tU`ey_lc w aT´y_dIT h T  c h _ v \^U w \^\ wjav \K`$\fT  ¥HdY wy T j _astse w u]_lc wjHv \%$ &(')$ }+* ' ®P®j _Iu]u j UU je _lc^T´c Q Tis j cfT v c w _l Q T.c^T h^j IT v T w cdjI c Q T h TVu!T w IT h \ wyv c^T h U"\ jl s h^j u!T]\4\ wv -s j ×T h7¶ T    _ giµ
o aT h \^`t\
_-s j ×T hf `e® jHh^ \^c^_lc wjHv¹ _ v$-,jHh c h _ v \4U w \4\ wjav
u]_Ist_a¥ w  w c w T]\]Ic Q T
\ j ` h u!T>`t\^T]\´_y_dIT h T  _lc^_u jeewyv _ vt c h _ v \^U w c^\nT]_Iu Q y_dIT h)wyv _\^T]st_ h _IcfTU`tc w u]_I\^c h^j `ts 
 \^T h \
\4`t¥t\4u h^w ¥Tc j _I\7U_ v d hfj `tst\_I\7s j \4\ w ¥eT­_Iu]u jah4ewyv c j c Q T wh __ w y_I¥eT"¥$_ vt  wy c QS °  c Q T-_I\4\ j u w _IcfT  u jav IT]\^c wjav
u jav c h^j SU"T]u Q _ vew \^U wyvtew u._IcfT]\×c Q _lc_`t\^T h \ Qtj `e h T  `$u!T w c4\ wv u j U wyv c h _¬-ulOc Q T v c Qew \r_Icfc^T h ` v \4`t¥t\4u h^w ¥$TV\ic jjav TjHh U jHh T h^j `$st\ o \7\ jHjHv _a\_lc Q T­`t\^T h \¥$T Qewv$ c Q T-¥ j cfc^T v T]u hfj `ecfT hYQ _aT"` v \^`$¥t\^u hfw ¥T  Kc Qew \¥ h _ v u Qjl c Q T
U`ec w u]_I\^c ew \fc hfw ¥t`ec wjHv c h T]T w \s h ` v T  tc Q T h T]¥Hd h T  `$u wyv c Q T7 j _ jHv c Q T hfj `ecfT h $ |a| ')$ } .' oYvej c Q T h T!bt_IUseT w \>c Q TU`ec w u]_I\^c ew \^c h^w ¥t`tc wjavjI s j st`ey_ h ¯TV\ ¶ T    c Q Ts h^j U j c wjav u! w s jl _¯$yUC±c Q T_IcfT]\^cm®wv `Ob tw \^c h^w ¥$`ec wjav ®T.c4u Ð¹­o \ w c w \7_a\^\4`tU"T  c Q _Ic7U"_ v d`t\^T h \Y w  h T]c h^w T]IT"c Q T"¯$T-\ w U`tc4_ v T j `t\^daSc Qew \7y_lc^cfT hw \
\^T v c
u jav c wyv ` j `t\^d   \ wv -\^T.aT h _lKU`ec w u]_I\^c> h^j `$st\_ vt _ v _Ists hfj s hfw _lc^T7\^u Q T  `e wv -\^u Q TVU"T ¶ $ }0/ '¸$³  ³1$ ~ 'Ë o>m
$ | W2'¸Z>³ µg $ |#* ' ¹  w ITV\c Q T j s$s jHh c4` vew cd+c j _ $th TV\^\c Q T Q T.c^T h^j aT v T w cd jl
h T]u.T w IT h \ PQtw \"u!y_I\4\ jI _Istse w u._lc wjHv \ew ¡±T h \ £h^j U c Q Ts h T. wj `t\ jHv T¥Hdc Q T  _au!c>c Q _lc  _Ic^_ w \ Ovej  vCwyv _  _ v u!T h _lc Q T h c Q _ v s h^je `tu!T Cwvh T]_I  c w U"T7 wy T
_ wy T j \^c h T]_IU 
 wyv _ld µ© ²3$ } ' jHh ²Y³³ª²4$ }I{ ')$ } W2'´u._ v ¥$T­`t\^T jah c Q T ew \fc hfw ¥t`ec wjHvjI c Q T  _Ic^_65 j >\
aT v T h _IcfT javO c Q T  5$d
 Q T h T
T]_Iu Qh T]u.T w IT h U`t\^c h T]u!T w aT>_l$c Q T  _Ic^_ ¶ ` v  w T>_daT h T  u jeewyv 7c^T]u Qtvewyx `eT]\ ¹PQ TV\fTY\^u Q TVU"T]\´_I\ jh T]d jav c Q T
`t\^T jI \fT]IT h _l8 h^j `tst\>c j _ tth T]\4\c Q T Q T.c^T h^j aT v T w cd rPQ T.du._ v ¥T`$\fT   w c Q \^`$u Q u jOj sT h _lc w aT7 jHh^ _Istse w u._lc wjHv \
_a\_ Qtw c^T  ¥ j _ h4 $ }I~ ' PQ TV\fT"c Q$h T]T Hwv$ \ jl _astse w u]_lc wjav \`$\fT"_-¯tbeT v `tU¥T hjI U`ec w u._a\fc h^j `$st\
`t\4`t_Id w IT v _I\_ v _ h a`tU"T v c_lc
\^c^_ h c`$s +PQ T hfw \  c Q _lc\ j U"T jI c Q TV\fT h^j `tst\_ h T vej c"`t\^T  ¥Hd¦_ v d h T]u.T w IT h7w \c Q `t\ vejav87 T h^j )T]\4sT]u w _ld+ w c Q
u jav c wyv ` j `t\×¯T7c h _ v \^U w \^\ wjav \ 
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h T x ` wyh T]U"T v c v T w c Q T hjHv c Q T h^j `ec^T hi ` v u.c wjav _I w c w T]\ vtjahrjav c Q T hfj `ec wyv ­_ vt °^²Y³ g s h^j c j u j y\ wv `t\^T Yµm¦h T] w T]\ jHv ¥ j c Q c Q T\ j ` h u!T_ vt c Q T h TVu!T w IT h \ wy T]\ «w c w \rc Q T Â^ºÃ4º.ÊÈÔº!Â  \ h TV\^s jav \ w ¥ w  w cd-c j _I\ jHh _ tew c wjav _l
y_dIT h \
 Q T v _Ists h^j s hfw _lc^T ¶ T   wiQew \Yu jav aT]\^c wjav u jav c h^j )U jO `eT"\^_de\Y\ je¹ _ v$ c jCh TV\^s jav$ c j U"TV\^\4_laT]\  °cw \
`tsc j c Q T ¿!ÀlÁeÂ^Ã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request
receivers
layers
1/2/3
layer_2
layer_1
layer_0
(base layer)
layer_3
(highest layer)
t2t1 time
low-end receiver R2
the source queries then drops layer 2
source queries then drops layer 0
high-end receiver R1
t0 (tx start)
 "!$#&%'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t2 timet3 t4t1
query then drop layer 1
query then drop layer 2
...
...
...
...
R1 requests layers 2 and 3
(highest layer)
source queries then drops layer 3
R2 requests layer 1
low-end receiver R2
high-end receiver R1 
layer_0
layer_2
layer_1
layer_3
(base layer)
continuous tx
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U`t\^c>¥T h TV_  d-¥T jHh Tc Q T7c h _ v \4U w \4\ wjav \^c^_ h c^\ ¶ \fd v u Qth^javtj `t\r\^c^_ h c ¹3
S _ v _astse w u]_lc wjavtjIwyv u jHv c wyv ` j `t\>¯$Tc h _ v \  T h \ ¶ ¯$a` h TW ¶ ¥ ¹^¹«>Q T h T h T]u.T w IT h \>u]_ v _ h^h^w aT_lc_ v d¨c w U"T ¶ _I\^d vO
u Qth^javej `t\r\fc4_ h c ¹
 hfj U¤ w H` h T¦WIriT\^T.Tc Q _lc¨`t\ wyv  Yµm T v _a¥eT]\­c Q T\ j ` h u!Tc j h TVU"_ wv _a\-u! j \^T_I\-s j \4\ w ¥eTc j c Q T_au!c^`$_lh T x ` wyh TVU"T v c^\ jI c Q T h TVu!T w IT h \^T.c   jahwyv \^c^_ v u!T-y_dIT h \ | _ vt¦} _ h T x ` w u  d th^j stsT  _  cfT h c Q _Ic 4 6 Q _a\7¯ vew \ Q T 
Y
h T]u.T w  wyv Cc Q T­ Qtj T¯T "PQ T­sT h^wje \ Q T v c Q T_ h^wj `t\y_dIT h \_ h T wyvt T]T  `t\^T  _ h T h T]s h T]\^T v c^T wyv ¶E _ h^,  w  Q c ¹
 h T]d YPQ T Qew cfT_ h T]_a\>u jHh^h T]\4s jHvt c j _`t\^T.T]\4\
s h TV\fT v u!T jl c Q Ty_dIT h \ ¶Ëvej¨h T]u.T w IT h _ v dU jah T ¹  Q T v+Yµmw \ vtj c
`t\^T Kp
j c^Tc Q _lc
\ j _ h iT twvej c
_I\4\4`tU"T  _ v dC_IcfT v u!d¨¥T.c×T.T v c Q Tc w U"Tc Q T_a\fc h TVu!T w IT h TV_ITV\_ vt c Q Tc w U"Tw c w \  T.c^T]u!c^T  ¥Hd-c Q T\ j ` h u.T PQew \ w \ ew \4u.`$\^\^T ¨wv \^T]u.c wjav Y$ |e
set softstate_timer
unset drop timer
ACTIVE
NIL
&& refused
LAYER_REQ recv’dLAYER_REQ recv’d
&& accepted
SEND_ECHO
send DROP_LAYER
"remove" layer
NIL
DROP_LAYER
IS_THERE_SOMEBODY send QUERYset drop_timer
softstate_timeout
ACCEPTsend ADD_LAYER send DROP_LAYER REFUSE
PRESENT recv’d drop_timeout
send PRESENT_OK CHECK_DROP
not yet possible
possible
 %'(#+ 
ACTIVE
LAYER_ASKED
WAIT_BEFORE_ANSWER
NIL
send LAYER_REQ
set layer_asked_timer
NIL
PRESENT_OK recv’d
answered...)
(sombody else
send PRESENT
set wait_ack_timer
set wait_timer
wait_timeout
DROP_LAYER received
DROP_LAYER received
ADD_LAYER received
layer_asked_timeout
SAY_PRESENT
DROP_LAYER received
wait_ack_timeoutPRESENT_OK recv’d
DROP_LAYER received
layer already exists
layer doesn’t exist
QUERY received
unset timers
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Õ T¯ h \fcu jHv \ w T h c Q T\^T vttwv ­\ w T_ vt iT7_I\4\4`tU"T ¶ W ¹ c Q T h T w \ jav d jHv T7\ j ` h u!T_ vt+¶Ë|H¹ c Q _lc h T]u.T w IT h \×_ h T vtj c jav
c Q T\^_aU"T Qtj \^c>_I\rc Q T\ j ` h u.T  ° v st_ h c w u.`ey_ h×w c>U"T]_ v \rc Q _Icc Q T\ j ` h u!T w \ vej c>_ h T]u.T w IT h]o c´\^T]\4\ wjav \^c^_ h c.Ic Q T>\ j ` h u!Tr`t\^T]\´_\ wv IT×y_dIT h.®Õ T>_a\^\4`tU"Trc Q _Icc Q T>_ tth T]\4\ jl c Q T>_a\^\ j u w _lcfT  U`ec w u._I\^c) h^j `tsQ _a\
¥T.T v u j UU` vew u._lc^T  c jh TVu!T w aT h \ wvt T]sT vt T v cfd ¶Wa d^ $×T]¥KU_ w  ¹3cb¨ÊÈÄÇ+¼»¦¼ÎIÎ¢¾ÐÊ£Ã¼ÄËÊ£À»Qd®Ç$º!Â4º"¼¿3Å»¢ÃÇOÂ^Àl»¢ÀÁO¿¿3Ä¼Â3ÄE¿"¼Â^ºYÎtÀ¿¿3Ê£½.¾ºe>ÄÇOÊy¿½4¼¿.º"¾¼ÅIº.Â¨É¸¾¼lÅIº!ÂUfÏCÊy¿>Îtº!Â­¼»±º!»Ä  wË T Yvej cYu jHv c h^j T  ¥ad Yµmn±PQ T h T]_a\ jHvw \Yc Q _Ic w c w \
_I\ j `t\^T  _I\×_\ w  v _l ws7 _lc wjHv u Q _ vtv T.±¥adc Q TY\ j ` h u!T v c Q Tu jHv c h _ h da ¼l¾È¾S¾¼ÅIº.Â¿7¼a½ÀÔºZf­¼Â4ºÁe»¢Òaº!ÂhgAi?j  ¿7ÃÀ»$ÄËÂ^Àl¾ 
_ vt c Q T.d jHv dT!b w \^c Q T v _lcTV_I\^c jHv T h TVu!T w IT h
Q _a\ k jIwyv T  c Q T" h^j `$s 7Õ w c Q _ v _astse w u]_lc wjHv  Q T h T\fd v u Qth^javtj `t\
\^c^_ h c w \ h T x ` wyh T  ±c Q T¥$_I\^Ty_dIT h u]_ v ¥T­u jHv c hfj T  ¥Hd YµYm \ wv u.Ty_dIT hY{CQ _a\ vtj¨wyv cfT h T]\^c jav u.Tc Q T_a\fc h T]u!T w aT hQ _a\rT  c P®jYOvej  w c Q T h T w \:_lc®TV_I\^c jav T h T]u!T w aT h±jHh _> w IT v _daT h ]c Q Ti\ j ` h u!Tis$T hfwjeew u]_ldc h _ v \^U w c^\:_   UTV\^\4_laT jav
c Q TYc4_ h IT]cn h^j `$s ®§ TVu._I`$\fT>c h _ v \4U w \4\ wjav \i_ h T vej c h T. w _I¥eTIHc Q T   UTV\^\4_laT w \×\^T v c×\fT]IT h _lc w U"T]\  ° :vej _ v \^iT h wË T Zkf l<m U"TV\^\4_laTI w \ h T]u.T w IT  _  c^T h _ w aT v c w U"TaKc Q Ty_dIT h>w \ thfj stsT SPQ T h T jah Tc Q T\ j ` h u.T w \4\^`eTV\Y_¯ v _I
n pokrq/sh  U"TV\^\4_laT_ vt c Q T v _ jaw \>\fT vtewyv ¨_ v dCst_au  T]c jav c Qew \
 hfj `ts_ v deU jah T 
PQ T"_I\4\ j u w _IcfT tw \^c h^w ¥$`ec wjav
&
c h T]T
 w S\^ j d tw \4_IstsT]_ h£h^j U c Q TYU`tc w u]_I\^c h^j `ec^T h \n_I\ic Q T wyh \ jl c  \^c^_IcfT>c w U"T]\ j `ec nv c Q TYu jav c h _ h d w c Q TY\ j ` h u!Th T]u.T w IT]\n_ kf l<m U"T]\4\^_IITIac Q T v c Q T
y_dIT h´w \  TVsecn_ v$ _ v _au Hvtj T  ITVUT v c ¶
k f l<mrqo  U"T]\4\^_IIT ¹:w \nT]u Qej T  c j
c Q T h^j `$s  ° vjHh^ T h c j- T.cfTVu!c  `tse w u]_lcfTV\.   U"T]\4\4_lITV\ wv u!y`  T_ v¨wy T v c w ¯T h c Q _lc w \ h^w cfcfT v ¥t_Iu wv kf l<m
_ vt k f l/mpqo  U"T]\4\4_lITV\ Yµm `t\fTV\c j c w U"T h \>_Ic×c Q T\^T vtewyv -\ w T «
S ¿.À ÓÄE¿Ä¼Äº ÄEÊ ­º.Â sT h^wjeew u w cd jl c Q T  UTV\^\4_laT]\ 
S ÒÂ^À3Î ÄEÊ ­º!Â ×_ w c wv "c w U"T¥T jHh T th^j sts wv ­_"y_dIT h×jHv u!Tc Q T -Q _I\¥T.T v \fT v c 
Õ T ew \^u]`t\^\rc Q T7_ly`eT7c j `t\^T jah c Q T]\^T7c j c w U"T h \ wyv \fTVu!c wjav Y$
 Ù  Ý  ® Ý Ý	
Ý £I] Ü®Ù  Ý   ´ ÚÙ 
 \ wyv ª_+u]`tU`ey_lc w aTC\4u Q T  `e wv ª\4u Q T]U"TUTV_ v \"c Q _lc"_daT h  u._ v jav d ¥T thfj stsT  w c Q T h T w \ vej _daT h  ° v
s h _Iu.c w u!Tu jHv 5 w u!c^\ jI cfT v c^_  Tsey_Iu!T  ° v ¯$H` h T } iT7_a\^\4`tU"T
c Q _lcrc Q Ty_I\^c h TVu!T w aT h TV_IT]\×_lc×c w U"T   jHh T]_Iu Q _daT h
c Qew \  TVst_ h c^` h T w \  T]cfT]u.cfT  _lc´c Q T v T.bec x `eT h d\^c^_IIT ®§ T]u]_I`t\^Tc Q T>_daT h  \´c w UT h \i_ h T vej ci\fd v u Qth^javtws7 T  ly_dIT h \ { _ vt
WU`t\fcrr_ w crc Q _Ic_daT h|"Q _I\¥T.T vC$hfj sts$T  ¥$T jah T¥T wyv  th^j s$s$T wyv c Q T wh c4` h4vS
time
QUERY...   timeout=>... dropped!
dropped!
layer_0
layer_1
layer_2
t_0: receiver leaves
QUERY...   timeout=>...
QUERY...   timeout=>dropped!
(highest layer)
(base layer)
 w a` h T }t« ° v cfT h^ TVs$T vt T v u!T jI _daT h \r w c Q _-u]`tU`ey_lc w aT\4u Q T]U"T 3¢ j iT h _daT h \ th^j s w \  T]_daT  ¥Hd¨c Q Ts h T]\^T v u!T jl
y_dIT hr|t
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o h TVu!T w aT hOk jawvewyv _
\^T]\4\ wjav ¯ h \^c®_I\  \ jHhKwyvOjah U_lc wjHv ¥Hd\^T v$ewv  jav c Q T×¥t_I\^Tny_dIT h¶ \4`tsts j \^T Hvtj  v¹ _ v%$;l'&poq   
U"T]\4\4_lIT 8PQ Tn_ v \^iT h ]c Q T $l'&po U"T]\4\^_IITa wyvOjah U\ST]_au Qh TVu!T w IT h±jl c Q Tnu.` h4h T v cK\ w c^`$_lc wjavK«8v `tU¥T hSjI _daT h \.  T]_lc4` h T]\jI T]_au Q y_dIT h SU`tc w u]_I\^c_ tth T]\4\_ vt s jah c v `tU¥T hYjah TV_Iu Q y_dIT h ±T]c^u "PQ T h TVu!T w aT h u._ v c Q T v-k jawv+jav T jHh U jHh T
y_dIT h \  T]sT vtewyv  jav  Q _Icc Q T¨u jav aT]\^c wjav u jHv c h^j nU je `eT¨\4_de\ ¶ u jav aT]\^c wjav u jav c h^j  w \ j `ec jl c Q T\4u j sT jI c Qew \
st_as$T h¹3 ° 8vej($l'&po U"T]\4\^_IIT w \ h T]u.T w IT  _  cfT h _7 w aT v c w U"TIOc Q T v _ v T. $l'&poq/  U"T]\4\^_IIT w \n\^T v c ´
 u j ` h \^T
_  c^T h
_ w aT vv `tU¥$T hjl ` v \4`tu.u.T]\4\  `tKc h^w TV\rc Q T h T]u.T w IT h  w aT]\r`ts 
°  _ h TVu!T w aT h r_ v c4\>c j ¥T v T.¯$c £h^j U _ v _ ttw c wjHv _l:_daT hYvej cYdIT.c__ w _a¥eTI Q T\^T vt \Y_ s+hpq/  U"T]\4\4_lITc j
c Q T7\ j ` h u.T`$\ wyv ` vew u._I\^c  °c w \rIT h d w Us jah c^_ v c×c j _ jIwy `t\ wv U`tc w u]_I\^c×c h _ v \4U w \4\ wjav \×_lc×c Q T h T]u.T w IT hnwyvjHh^ T h c j
 w U w cc Q T7U`ec w u]_I\^cr j _  c j c Q T v T]c jHh^ c j c Q T7\fc hfw u!cU wvtw U`tU « c Q T  _Ic^_ 5 j >\ PQ T v c Q T7\ j ` h u!T h TVse w T]\× w c Q _ v
h nn qsh U"T]\4\4_lIT wQ T_I h T.TV\.O w c Q _ n pokpq/s+h U"TV\^\4_laT j c Q T h  w \fT oYvej c Q T h U_ k jah c^_a\ CjI _ h T]u.T w IT h
w \Yc j _ v \f×T h c j  U"T]\4\4_lITV\   jHh c Q T"\4_  T jI \^u]_ly_I¥ w  w cdI±c Q T kf l<m
U"T]\4\4_lIT w \ vtj c h T]c^` h4v T w UU"T tw _IcfT.d¥t`tc_  cfT h _ h _ vtej U c w U"T o cc w U"T j `ec7_ vt+wÆrvejCj c Q T h U"T]\4\^_IIT Q _I\¥$T]T vh T]u.T w IT  ´c Q T v c Q T h TVu!T w IT h \^T v$ \_ kf l<m U"TV\^\4_laT¨_ v$ r_ w c^\ jah _ v _Iu Ovej T  aT]U"T v c  ° Yvtj kf l<mpqo) 
U"T]\4\4_lIT w \ h T]u.T w IT  _  c^T h _
 w aT v c w UTalc Q T v _ v T] kf l<m U"TV\^\4_laT w \:\^T v c :o> cfT h _Y w IT vv `tU¥$T h®jI ` v \4`tu]u!T]\4\  `e
c hfw T]\c Q T h T]u!T w aT h×th^j st\rc Q T7_daT h]
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PQ T+u._I\^T jl U_ v d  c jl U"_ v d¦c h _ v \4U w \4\ wjav \ w \-U jah Tu j UseT.b  ° v st_ h c w u.`ey_ h c Q T\ j ` h u!TV\­u._ v ¥T Q T.c^T h^j aT v T j `t\
_ vt c Q T.d w  vej c_l j ¡±T h c Q T\^_aUT v `tU¥T hYjl c h _ v \^U w \^\ wjav y_dIT h \ 
PQ T h T jHh T gAi?jÁO¿3Ä>º!»±¼I½.¾º¼l»ªÊÈ»¢ÒÊÈÔVÊ£ÒÁ$¼l¾ÄËÂ^º¼Ä º.»$ÄrÀ Ó"º4¼aÃ4Ç¿.ÀÁeÂ^Ãº.iP®jej \ j tc Q T\^T vt T h \>s h^w _IcfT_ tth T]\4\ ¶ _ $th TV\^\ , s jah c v `tU¥T h3¹ijl _­U"T]\4\^_IIT w \>_l×_de\
u j UU` vtw u]_lcfT  c j c Q T h TVu!T w IT h. °  c Q TU`ec w u._I\^c w ¥ h _ h d ¶ \^T]u.c wjavDY$ W ¹ _Ir_de\ h T]_  \ YµYm U"TV\^\4_laT]\`t\ wv ¦c Q T
^c,.-/^`(\¦jHh ^c,.- \Sa.0 \ j u  T]c\^dO\^cfTVU u._ly\.c Q T v c Q T\^T vt T h \"_ tth T]\4\ w \ Ovej  v _ v$ c Q T h T]u.T w IT h u._ vh T]sed wv
` vtw u]_I\^c 6 $ }a| ' 
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PQ T¥T Q _ wjah×jIYµm¦wv s h T]\^T v u.T jl \^T.aT h _lS\ j ` h u!TV\ w \rc Q T j  j  wyv  «
S _ª_daT h _ $ew c wjHv'h T x `tT]\^c w \ ewyh T]u!c^T  c j _¦s$_ h c w u.`ey_ h \ j ` h u!T¥Hd \4sT]u w d wv  w c4\-s h^w _lc^T_ t$h TV\^\­_ vt `t\ wyv 
` vew u._a\fc 
S __daT h _ tew c wjavh T x `eT]\^c>U_d¨_I\ j ¥$T ewh T]u.cfT  c j _IKc Q T\ j ` h u!TV\>¥Hd¨U`ec w u]_I\^c wyv  w c>c j c Q T¥$_I\^T7_daT h]n§ `ec
c Qew \\ j y`ec wjav+w \ »¢ÀÄYÂ^ºÃÀ  º.»¢Òaº4Ò¼Ä7¼¾È¾ _I\ w cu h TV_lc^T]\7_ v T. h TVu!T w aT hf¸h^jOj cfT  U`tc w u]_I\^cc h T]T ¶ _lc7T]_a\fc w c QµT ³Z gr¹3
S _\ j ` h u.T
u._ v T v d-__daT h _ ttw c wjHvh T x `eT]\^c jHh _ v d h TV_I\ jav¶ T   wÆ:Q T tj TV\ vej c Q _IT\^`e¬­u w T v c h T]\ j ` h u!TV\ ¹3 ° 
c Q T h T x `tT]\^c´×_a\´\^T v c´c jQew U wyv ` vew u._a\fc]ac Q T v c Q T
\ j ` h u!T h T]st w T]\n w c Q _ n rokpq/sh 7ewyh TVu!cfT  c j c Q T h T]u.T w IT h.
S _­\ j ` h u!T7_ ttwv -_"y_dIT h U`ec w u._a\fc4\c Qew \>_ vtvej ` v u!TVUT v cc j c Q T¥t_I\^T7y_dIT h]i©Hj ` h u.T]\u]_ v `t\^T_ h _ vtej U  T.y_d
¥$T jah T7\fT vtewyv c Q T h nn qsh U"T]\4\4_lIT w c Q T wyhv `tU¥T hk `t\fc w ¯T]\c Q T`t\^T jI _\4`tsts h T]\4\ wjHv cfTVu Qtvewyx `eT 
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